Zetia (ezetimibe) is a selective cholesterol absorption inhibitor, which potently inhibits the absorption of biliary and dietary cholesterol from the small intestine without affecting the absorption of fat-soluble vitamins, triglycerides or bile acids. Ezetimibe reduces the small intestinal enterocyte uptake and absorption of cholesterol by binding to Niemann-Pick C1 Like 1 (NPC1L1), which keeps cholesterol in the intestinal lumen for excretion. Ezetimibe undergoes glucuronidation to a single metabolite and localizes at the intestinal wall, where it binds with higher affinity for NPC1L1 than ezetimibe to prevent cholesterol absorption. Enterohepatic recirculation of ezetimibe and/or its glucuronide ensures repeated delivery to the intestinal site of action and limited peripheral exposure. Ezetimibe has no effect on the activity of major drug metabolizing enzymes (CYP450), which reduces any potential drug-drug interactions with other medications. Ezetimibe (10 mg/day) was found to inhibit cholesterol absorption by an average of 54% in hypercholesterolemic individuals and by 58% in vegetarians. Ezetimibe alone reduced plasma total and LDL-Cholesterol (18%) levels in patients with primary hypercholesterolemia. When ezetimibe was added to on-going statin treatment, an additional 25% reduction in LDL-C was found in patients with primary hypercholesterolemia and an additional 21% reduction in LDL-C in homozygous familial hypercholesterolemia. Ezetimibe in combination with statins produces additional reductions in plasma cholesterol levels and allows for more patients to achieve their LDL-C goals. Thromb, 2007; 14:99-108. 
Zetia Discovered in Preclinical Models of Hyperlipidemia
Zetia (ezetimibe; SCH 58235; 1-(4-fluorophenyl)-(3R)-[3-(4-fluorophenyl)-(3S)-hydroxypropyl] -(4S)-(4-hydroxyphenyl)-2-azetidinone) was discovered using in-vivo models of cholesterol absorption 1) . Zetia was identified through the characterization of the active biliary metabolites of its predecessor, SCH 48461, and extensive structure-activity relationship information obtained from a seven day cholesterol-fed hamster model 2) . Ezetimibe dose-dependently inhibited diet-induced hypercholesterolemia in hamsters with an ED50 of 0.04 mg/kg. In an acute model of intestinal absorption using radiolabeled cholesterol in rats, ezetimibe inhibited the appearance of radiolabeled cholesterol in plasma with an ED50 of 0.0015 mg/kg ninety minutes after dosing, indicating that the onset of activity was rapid 3) . Ezetimibe has proven to be most potent pre-clinically in cholesterol-fed rhesus monkeys with an ED50 0.0005 mg/kg/day. A single dose of the ezetimibe analog, SCH 48461, administered to cynomolgus monkeys fed a single cholesterol-containing meal caused a significant reduction of cholesterol in chylomicrons and chylomicron remnants during the postprandial phase without affecting triglyceride content 4) .
Ezetimibe selectively inhibits the transport of cholesterol across the intestinal wall. Ezetimibe does not affect intestinal cholesteryl ester hydrolysis and the absorption of fatty acids thus generated. The free cholesterol from this hydrolysis, however, was not absorbed in the presence of ezetimibe. Ezetimibe does not affect the absorption of triglyceride, ethinyl estradiol, progesterone, vitamins A and D, and taurocholic acid in rats 5) . Ezetimibe does not affect pancreatic lipase, and therefore shares no properties with orlistat (Xenical). Ezetimibe also does not sequester bile acids or block their absorption and thus differs from cholestyramine (resins). Studies in humans have indicated that ezetimibe does not affect serum fat soluble vitamin status 6) . Ezetimibe potently and selectively inhibits biliary and dietary cholesterol absorption in the intestine.
Metabolism of Zetia
Ezetimibe is rapidly metabolized in the intestine to its phenolic glucuronide by uridine 5-diphosphate (UDP)-glucuronosyl-transferase 1A1, 1A3, and 2B15 7, 8) . Once ezetimibe is glucuronidated, it is excreted in the bile, thereby delivering the drug back to the intestinal site of action 3) . Cholesterol absorption studies indicated that the glucuronide appeared more potent than ezetimibe itself, because glucuronidated ezetimibe localizes more avidly to the intestine. Autoradiographic analysis demonstrated that drug related material was located in the small intestinal villi, and concentrated at the enterocyte brush border 3, 9) .
In humans, ezetimibe is rapidly absorbed and primarily metabolized in the small intestine and liver to its glucuronide, with little oxidative cytochrome P450 mediated metabolism 7, 8) . Ezetimibe and its glucuronide undergo enterohepatic recycling and have a plasma half-life of approximately 22 hours in humans. Ezetimibe and/or the glucuronide metabolite are excreted in the feces (90%) and urine (10%). Since ezetimibe does not influence the activities of cytochrome P450 enzymes, no significant pharmacokinetic interactions occur with most medications. Pharmacokinetic interaction studies with ezetimibe in humans have found no significant changes in the plasma levels of many medications, including statins (atorvastatin, simvastatin, pravastatin, rosuvastatin, lovastatin, and fluvastatin), fibrates (gemfibrozil and fenofibrate), digoxin, glipizide, warfarin, and oral contraceptives (ethinyl estradiol and levonorgestrel) [6] [7] [8] .
Discovery of the Molecular Target of Zetia:
Niemann-Pick C1 Like 1
Since the discovery of the cholesterol absorption inhibitor ezetimibe over ten years ago using in vivo models at Schering-Plough, there has been an intense effort to determine the molecular target of ezetimibe. The mechanism by which cholesterol moves from the intestinal lumen into the absorptive enterocytes lining the proximal small intestine has been poorly understood. The identification of ezetimibe as a potent selective inhibitor of intestinal cholesterol uptake and absorption in animals and humans confirmed that the intestinal cholesterol uptake process is mediated by a specific transporter [2] [3] [4] [5] 10) . Based on the properties of ezetimibe in animal models of cholesterol uptake, it was predicted that such a transporter would be expressed in jejunal enterocytes, where cholesterol is absorbed, and localized to the brush border membrane. Biochemical and molecular biological techniques were used for many years in an attempt to identify the intestinal transporter ezetimibe inhibited. These studies identified several candidate proteins, like scavenger receptor class B, type (SR-BI), but when these proteins were deleted in knockout mice they were not found to be involved, because cholesterol absorption was normal and ezetimibe was still active as a cholesterol absorption inhibitor 11) .
Several years ago, a genomic/bioinformatics approach was used to identify genes involved in intestinal cholesterol uptake 12) . It was hypothesized that a cholesterol transporter should possess several critical features. The gene responsible for intestinal absorption of cholesterol must be expressed in the jejunal enterocyte. The protein should be in direct contact with the luminal contents and hence should be expressed on the surface of the enterocyte brush border membrane.
In addition, the protein should contain sequence motifs known to interact with sterols 12) . A rat intestinal cDNA library was generated and 16,500 genes were sequenced and annotated by cross-referencing the rat sequences with both mouse and human data. This sequence database was analyzed for all transcripts containing features anticipated in a cholesterol transporter: sequences predictive of transmembrane domains, extracellular signal peptides and N-linked glycosylation sites, and cholesterol interacting motifs such as a sterol sensing domain. From the list of genes identified, only one credible candidate gene emerged from this analysis, the rat homologue of Niemann-Pick C1 like 1 (NPC1L1). NPC1L1 has all of the predicted features of a plasma membrane expressed transporter including a secretion signal, 13 predicted transmembrane domains and extensive N-linked glycosylation sites located within the extracellular loops, and it contains a sterol sensing domain 12) .
NPC1L1 was found to be highly expressed in the jejunum and not expressed in other tissues in the mouse. Furthermore, it localized on the surface of the absorptive jejunal enterocytes 12, 13) . Mice deficient in NPC1L1 were generated and their initial characteriza-tion showed a significant 70% reduction in cholesterol absorption, and the low level of residual cholesterol absorption was insensitive to ezetimibe treatment 12) . These initial results indicated that NPC1L1 resided in the ezetimibe-sensitive pathway responsible for cholesterol absorption. With additional studies, intestinal cholesterol uptake and absorption was found to be significantly reduced in the NPC1L1 null mice 14) . Acute cholesterol absorption was reduced by nearly 90% in the NPC1L1 null mice, which is similar to the inhibition of cholesterol absorption found in ezetimibe treated mice, hamsters, and rats 2) . The uptake of cholesterol into the enterocytes of the jejunum was substantially reduced in the NPC1L1 null mice, indicating that this protein plays an essential role in the uptake of cholesterol from the lumen of the intestine to the brush border membrane of the enterocyte. Ezetimibe-treated mice, hamsters, and rats also demonstrated a reduction the intestinal uptake of cholesterol into jejunal enterocytes. Triglyceride uptake by the intestine and its absorption was not altered in the NPC1L1 null mice. This finding is also similar to that with ezetimibetreated animals, where fatty acid absorption from triglycerides or cholesteryl esters, or the triglyceride content of postprandial chylomicrons is not altered 4, 5) . NPC1L1 null mice were completely resistant to dietinduced hypercholesterolemia, similar to an ezetimibe treated wild-type mouse. Overall, the profile of cholesterol absorption in the NPC1L1 null mice closely resembled the profile of an ezetimibe-treated animal 14) .
In addition to inhibiting cholesterol absorption, ezetimibe has been shown to reduce plasma phytosterol levels in patients with hypercholesterolemia and in patients with sitosterolemia (see clinical section), which is caused by a mutation in the ATP-binding cassette (ABC) co-transporters, either ABCG5 or ABCG8 10, 15, 16) . ABCG5 and ABCG8 are expressed on the apical surface of hepatocytes and enterocytes, and their function is required to export phytosterols into the bile and intestinal lumen, respectively. Phytosterols are poorly absorbed compared to cholesterol, and it is not known whether the two sterol classes are taken up by the same mechanism into intestinal enterocytes. Plasma levels of the plant sterols campesterol and sitosterol were found to be nearly undetectable in the NPC1L1 null mice, and reduced by greater than 90% compared to wild type mice 14) . Labeled sitosterol absorption and uptake in the intestine of the NPC1L1 null mice was substantially reduced, very similar to the reductions observed in wild type mice treated with ezetimibe. Taken together, these results indicated that NPC1L1 is the intestinal transporter for the uptake of both cholesterol and structurally related phytosterols (Fig. 1) , and that ezetimibe acts through the NPC1L1 pathway 14) .
It has been demonstrated that ezetimibe treatment inhibits cholesterol absorption, reduces plasma cholesterol and inhibits the development and progression of atherosclerosis in apoE ( / ) mice by 90% when fed western or cholesterol-free diets 17) . Consequently, with the discovery of NPC1L1, studies were initiated to determine the effect that mice lacking NPC1L1 would have on the development and progression of atherosclerosis in apoE ( / ) mice. NPC1L1/apoE null ( / ) mice were generated and had a 77% reduction in cholesterol absorption, and when fed chow or western diets, plasma cholesterol levels were reduced, and atherosclerosis inhibited by 90% relative to apoE ( / ) mice. Lack of NPC1L1 in apoE ( / ) mice caused a nearly complete protection from the development of atherosclerosis, under both cholesterol-fed and noncholesterol-fed conditions, similar to the findings in ezetimibe treated apoE ( / ) mice 18) .
The in vivo studies established that NPC1L1 is central to cholesterol and phytosterol uptake into enterocytes and is in a pathway sensitive to ezetimibe. However, the specific molecular role for NPC1L1 in the action of ezetimibe remained unclear until a binding assay for NPC1L1 and ezetimibe was established 19) . Recombinant rat and human NPC1L1 were expressed in HEK 293 cells. Binding of a BODIPY-labeled fluorescent ezetimibe glucuronide analog to NPC1L1 expressing cells demonstrated a specific, single site, saturable binding profile. Binding of the fluorescent ezetimibe clearly showed cell surface membrane binding to the NPC1L1-expressing cells and was completely abolished in the presence of excess unlabeled ezetimibe glucuronide. Similar binding studies using [3H]-ezetimibe glucuronide also revealed specific binding to membrane preparations from cells expressing NPC1L1. These results demonstrated that ezetimibe binds specifically to NPC1L1 and clearly indicated that NPC1L1 is the direct molecular target of ezetimibe 19) .
To obtain more evidence that NPC1L1 is the direct binding target of ezetimibe, binding affinities of ezetimibe glucuronide and several key structural analogs were determined using recombinant rat and human NPC1L1 in HEK 293 cell membranes and compared to those for native rat and rhesus monkey intestinal enterocyte brush border membranes 19) . A series of ezetimibe analogs was selected with subtle structural diversity, but with binding affinities to native brush border membranes that covered a range of 1,000-fold. The Ki values for the series of ezetimibe analogs for recombinant rat NPC1L1 and native rat brush border membranes were virtually identical, which showed that NPC1L1 is the molecular target of ezetimibe in vivo.
These studies were extended to include binding to mouse, hamster, rabbit, and canine NPC1L1, which correlated to the in vivo activity of ezetimibe 20) . Binding studies with multiple species NPC1L1 orthologs also demonstrated that the binding affinity for the glucuronide metabolite was 2-10 fold higher than ezetimibe. The final, conclusive evidence proving the hypothesis that NPC1L1 is the target of ezetimibe was provided by studies with tissues from NPC1L1 null mice. Enterocyte brush border membranes prepared from NPC1L1 null mice showed no detectable specific binding affinity of [3H]-ezetimibe glucuronide, whereas membranes from wild-type mice showed a high level of specific binding 19) .
These results demonstrate that ezetimibe binds to native intestinal membranes and cells expressing recombinant NPC1L1 with comparable affinity, and does not bind to membranes from NPC1L1 null mice, indicating a specific binding interaction between NPC1L1 and ezetimibe. Together with the findings that mice deficient in NPC1L1 are defective in intestinal cholesterol and phytosterol uptake, and are no longer responsive to ezetimibe, definitively established NPC1L1 as the direct molecular target of ezetimibe (Fig. 1) .
The finding that NPC1L1 is the molecular target of ezetimibe has begun to be applied to human cholesterol absorption and clinical studies with ezetimibe alone or in combination with statins [21] [22] [23] [24] . These Intestinal cholesterol absorption begins with the micellar solubilization of both dietary and biliary cholesterol in the lumen of the small intestine. In general, approximately 50% of intestinal cholesterol is absorbed, in which two thirds is derived from the bile and the other one third is derived from the diet. The cholesterol is then transferred from the micelles to the surface of the brush border membrane of the enterocyte, where NPC1L1 plays a critical role for the uptake of cholesterol and phytosterols, and is the target of the cholesterol absorption inhibitor Zetia (ezetimibe). Cholesterol enters the cytoplasmic compartment and moves to the endoplasmic reticulum where it may be esterified by ACAT2 to form cholesteryl ester. Free cholesterol and cholesteryl esters are packaged into chylomicrons, which are then secreted into the mesenteric lymph. Once in the circulation, chylomicrons and their remnants are rapidly cleared by the liver. The consequences of cholesterol absorption inhibition by ezetimibe include decreased cholesterol delivery to the liver, reduced hepatocyte cholesterol stores, decreased VLDL production, increased LDL clearance and, subsequently, decreased LDL cholesterol levels. Inhibition of cholesterol synthesis by statins complements the activity of inhibiting cholesterol absorption by ezetimibe, resulting in enhanced reductions in LDL cholesterol levels.
clinical studies have identified polymorphisms in the NPC1L1 gene and reported that these polymorphisms alter cholesterol absorption and the magnitude that ezetimibe reduced LDL-cholesterol levels.
Efficacy of Zetia (Ezetimibe) in Humans
The effect of ezetimibe (10 mg/day) on human cholesterol absorption was investigated in mildly hypercholesterolemic individuals and vegetarians 10, 25) . Fractional cholesterol absorption rate was measured by the continuous dual-isotope feeding method using deuterium-labeled cholesterol and sitostanol. In mildly hypercholesterolemic individuals fractional cholesterol absorption rates averaged 49.8% on placebo and 22.7% on ezetimibe, indicating an average reduction of 54%. LDL and total cholesterol levels following ezetimibe treatment were reduced 20.4% and 15.1%, respectively, whereas campesterol and sitosterol were decreased by 48% and 41%, respectively 10) . The reduction of plasma concentrations of the non-cholesterol sterols, sitosterol and campesterol, which are not endogenously synthesized, indicated a direct effect on the absorption of these sterols by ezetimibe inhibiting NPC1L1. In vegetarians fractional cholesterol absorption rates averaged 48.2% on placebo and 20.2% on ezetimibe, indicating an average reduction of 58%. Although these individuals were consuming less than 30 mg of dietary cholesterol, LDL cholesterol levels following ezetimibe treatment were still reduced 17.3% 25) . These results indicate that Zetia significantly reduces LDL-C by inhibiting the reabsorption of biliary cholesterol in individuals consuming very little dietary cholesterol, and Zetia's LDL-C lowering activity is not diet dependent.
Ezetimibe Monotherapy
The efficacy and safety of ezetimibe in patients with primary hypercholesterolemia was evaluated in two multicenter, double-blind studies 26, 27) . Following dietary stabilization, a 2-to 12-week washout period, and a 4-week placebo lead-in period, patients were randomized to ezetimibe 10 mg or placebo once daily for 12 weeks. In a pooled analysis of the 1,719 patients from both studies 28) , ezetimibe significantly reduced mean LDL-C by 18.2% (vs a 0.9% increase with placebo, p 0.01) and resulted in a statistically significant increase in HDL-C, and statistically significant reductions in triglycerides and apolipoprotein B. The response to ezetimibe was consistent across all subgroups analyzed. Ezetimibe was well tolerated, with a safety profile similar to placebo.
Ezetimibe in Combination with Statins
Ezetimibe inhibits the absorption of biliary and dietary cholesterol and statins inhibit cholesterol synthesis, these mechanisms of action should be complementary in reducing plasma LDL-cholesterol levels (Fig. 1) . The LDL-C lowering efficacy of inhibiting both cholesterol absorption and synthesis has been evaluated in several large clinical trials. These trials have evaluated the efficacy of adding ezetimibe to ongoing statin therapy as well as the efficacy of coadministration of ezetimibe and a statin.
In the ezetimibe add-on to statin for effectiveness (EASE) trial 29) , the benefit of adding ezetimibe to ongoing statin therapy was evaluated for patients who had not achieved National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) LDL-C goals after 6 weeks of statin therapy. A total of 3,030 patients were randomized to receive either statin plus ezetimibe (n 2,020) or statin plus placebo (n 1,010) for 6 weeks. Addition of ezetimibe to ongoing statin therapy resulted in a mean decrease in LDL-C of 25.8% compared to 2.7% with placebo (p 0.001). Addition of ezetimibe was similarly beneficial in patients with CHD or a CHD equivalent, patients with 2 risk factors for CHD, and patients with 2 risk factors (p 0.001). Further, addition of ezetimibe resulted in 71% of patients attaining their LDL-C goal compared with 21% for placebo. Target LDL-C achievement was also evident across patient subgroups (p 0.001). Addition of ezetimibe was also more efficacious in lowering other lipid parameters, including triglycerides, non-HDL-C, and apo B (p 0.05). The two treatment regimens had similar safety and tolerability profiles 29) .
The addition of ezetimibe to 40 mg of atorvastatin or simvastatin was evaluated in patients with homozygous familial hypercholesterolemia (HoFH) 6) . Patients with HoFH on 40 mg of statin had their statin dose doubled, were given ezetimibe (10 mg) or both for 12 weeks. Compared to increasing the statin dose to 80 mg, the addition of ezetimibe to 40 or 80 mg of statin resulted in an additional 14% LDL-cholesterol reduction ( 20.7% vs 6.7%) and adding ezetimibe to 80 mg statin an additional 21% LDL-cholesterol reduction occurred (27.5% vs 7%). LDL-cholesterol lowering through the inhibition of cholesterol absorption by ezetimibe does not require the expression of LDL receptors, and offers an additional treatment option for patients with HoFH.
The efficacy of co-administration of ezetimibe (10 mg/day) with statins has been evaluated in four parallel 12-week phase studies, with simvastatin 30) and atorvastatin 31) at 10-80 mg/day, and lovastatin 32) and pravastatin 33) at 10-40 mg/day. LDL-C reductions with the combination of ezetimibe with statins ranged from 44% to 57% for simvastatin (10-80 mg), 50% to 60% for atorvastatin (10-80 mg), 34% to 41% for pravastatin (10-40 mg), and 33% to 45% for lovastatin (10-40 mg) . With all statins, the combination of ezetimibe with the lowest statin dose (10 mg) resulted in similar reductions in LDL-cholesterol as the highest statin alone dose (80 mg for atorvastatin and simvastatin, 40 mg for pravastatin and lovastatin). These trials demonstrate a consistent, significant additional reduction in LDL-C with coadministration of ezetimibe plus statin vs statin alone regardless of the statin or dose. In addition, C-reactive protein (CRP), an inflammatory marker which may be a risk factor for atherosclerosis, was found to be reduced nearly two fold greater in the ezetimibe plus simvastatin pooled groups compared to the simvastatin alone pooled groups ( 33.3% vs 14.3%; p 0.01) 34) .
Considerable LDL-C reductions with the coadministration of ezetimibe and simvastatin compared with simvastatin were also reported by Goldberg et al. 35) . Ezetimibe plus simvastatin reduced LDL-C by 46.2% to 60.8% over the 10-to 80-mg dose range, compared with 31.3% to 45.6% with 10 to 80 mg simvastatin alone. Moreover, treatment with ezetimibe plus simvastatin allowed 82.4% of patients to achieve their LDL-C goal of 100 mg/dL compared to 42.9% of patients treated with simvastatin alone (p 0.001).
The development of a fixed-dose combination of ezetimibe and simvastatin (Vytorin ® ) provided the additive efficacy of both agents in the convenience of a single tablet in the United States and many other countries. In a study by Bays et al. 36) , the efficacy of the ezetimibe/simvastatin tablet was consistent with coadministration studies, with LDL-C reductions of 44.8% to 60.2% over the 10 to 80 mg dose range. Ezetimibe/ simvastatin was also associated with significantly greater reductions in CRP and remnant-like particle-cholesterol than simvastatin alone (p 0.001). More patients receiving ezetimibe/simvastatin versus simvastatin achieved LDL-C levels 100 mg/dL (78.6% vs 45.9%; p 0.001). Ezetimibe/simvastatin had a safety profile similar to simvastatin monotherapy. There were no significant differences between ezetimibe/simvastatin and simvastatin in the incidence of consecutive liver transaminase levels 3 times the upper limit of normal or creatine kinase levels 10 times ULN.
Ezetimibe/Simvastatin vs Atorvastatin
Ezetimibe/Simvastatin has been directly compared to atorvastatin in both titration and fixed-dose studies.
In the titration study 37) , 788 patients were randomized 1:1:1 to 3 treatment groups. Each group was force-titrated over four 6-week treatment periods: patients in group 1 were initially treated with atorvastatin 10 mg, which was titrated to 20, 40, and 80 mg; patients in group 2 were treated with ezetimibe/simvastatin 10/10 mg titrated to 10/20, 10/40, and 10/80 mg; patients in group 3 were treated with ezetimibe/simvastatin 10/ 20 mg titrated to 10/40 mg for 2 treatment periods and 10/80 mg. At the end of treatment period 1, the mean decrease of LDL-C was significantly (p 0.001) greater for co-administration of 10/10 mg and 10/20 mg of ezetimibe/simvastatin than for 10 mg of atorvastatin. At the end of treatment period 4 and after comparing maximum doses, ezetimibe/simvastatin was superior to atorvastatin 80 mg in the percent LDL-C reduction ( 59.4% vs 52.5%, p 0.001) and HDL-C increase (12.3% vs 6.5%; p 0.001). All treatments were well tolerated 37) .
In the VYtorin versus Atorvastatin (VYVA) trial 38) , ezetimibe/simvastatin was compared to atorvastatin at various fixed-doses. A total of 1,902 patients not at their NCEP ATP LDL-C goal were randomized to atorvastatin (10, 20, 40, or 80 mg) or to ezetimibe/simvastatin (10/10, 10/20, 10/40, or 10/80 mg). At each milligram-equivalent statin dose, significantly greater LDL-C reductions were achieved with ezetimibe/simvastatin (47%-59%) than with atorvastatin (36%-53%). Ezetimibe/simvastatin 10/40 and 10/80 mg also provided significantly greater increases in HDL-C vs atorvastatin 40 and 80 mg, respectively. Triglyceride reductions were similar for all comparisons. Among patients with coronary heart disease (CHD) or CHD risk equivalents, a significantly greater percentage of patients treated with ezetimibe/simvastatin attained the ATP LDL-C goals of 100 mg/dL and 70 mg/dL than patients treated with atorvastatin. CRP reductions were comparable between treatment groups. A significantly greater number of patients treated with atorvastatin had consecutive elevations in alanine aminotransferase and/or aspartate aminotransferase than did ezetimibe/simvastatin patients (1.2% vs 0.1%; p 0.006). Only one patient in the study (treated with atorvastatin) had CK elevation ( 10 X ULN).
Ezetimibe/simvastatin and atorvastatin have also been compared in patients with type 2 diabetes mellitus and hypercholesterolemia 39) , a patient group who are at high-risk for CHD events. In a double-blind, multicenter study, 1,229 patients were randomized to the usual starting doses (ezetimibe/simvastatin, 10/20 mg/d, vs atorvastatin, 10 or 20 mg/d) or next highest doses (ezetimibe/simvastatin, 10/40 mg/d, vs atorvastatin, 40 mg/d). Significantly greater mean LDL-C reduc-tions were seen with ezetimibe/simvastatin 10/20 mg ( 53.6%) vs atorvastatin 10 mg ( 38.3%, p 0.001) or atorvastatin 20 mg ( 44.6%; p 0.001) and for ezetimibe/simvastatin 10/40 mg vs atorvastatin 40 mg ( 57.6% vs 50.9%; p 0.001). At all dose comparisons, the percentage of patients who attained an LDL-C goal of 70 mg/dL was significantly greater with ezetimibe/simvastatin vs atorvastatin (p 0.001). Significantly greater improvements in total cholesterol, HDL-C, and non-HDL-C were also reported with ezetimibe/simvastatin vs atorvastatin (p 0.001). Adverse events, including repeated elevation of hepatic transaminases or CK levels, were similar for both treatments 39) .
Ezetimibe/Simvastatin vs Rosuvastatin
Ezetimibe/simvastatin has also been compared with rosuvastatin 40) . In a double-blind, multicenter study, 2,959 hypercholesterolemic patients were randomized to ezetimibe/simvastatin or rosuvastatin, respectively, at the usual starting (10/20 or 10 mg), the next highest (10/40 or 20 mg), and maximum doses (10/80 or 40 mg). Patients treated with ezetimibe/simvastatin had significantly greater reductions in LDL-C vs rosuvastatin at the starting (52% vs 46%), next highest (55% vs 52%) and maximum (61% vs 57%) doses (p 0.001 for all comparisons). Ezetimibe/simvastatin also provided significantly greater rates of attaining LDL-C levels of 70 mg/dL vs rosuvastatin at all dose comparisons and in a comparison of pooled doses. Ezetimibe/simvastatin produced significantly greater reductions in total cholesterol (p 0.001), non-HDL (p 0.001), and apo B (p 0.05). Increases in HDL-C and decreases in hsCRP were similar between treatment groups. Safety profiles for both treatments were comparable, although a significantly greater percentage of patients treated with rosuvastatin vs ezetimibe/simvastatin had proteinuria, respectively, at 10 mg versus 10/20 mg (p 0.004) and 40 mg versus 10/ 80 mg (p 0.001) 40) .
Ezetimibe Plus Rosuvastatin vs Rosuvastatin Alone
The achievement of large LDL-C reductions with ezetimibe plus statin therapy has also been demonstrated in the Examination of Potential Lipid-modifying effects Of Rosuvastatin alone (EXPLORER) trial 41) . In this open-label, multicenter trial, 469 patients with hypercholesterolemia and CHD (clinical or subclinical) or CHD risk 20% were randomized to the maximum dose of rosuvastatin (40 mg) or to ezetimibe plus rosuvastatin 40 mg. After 6 weeks, the combination of ezetimibe and rosuvastatin provided an LDL-C reduction of 70%, compared to a 57% LDL-C reduction with rosuvastatin alone (p 0.001). Addition of ezetimibe to rosuvastatin was also associated with significantly (p 0.001) greater reductions in non-HDL-C ( 65% vs 52%), apo B ( 56% vs 45%), and triglycerides ( 35% vs 25%). The reduction in hs-CRP was also significantly greater with ezetimibe plus rosuvastatin (46% vs 29% with rosuvastatin, p 0.001) A significantly greater percentage of patients receiving rosuvastatin plus ezetimibe vs rosuvastatin alone attained their NCEP ATP LDL-C goal ( 100 mg/ dL, 94.0% vs 79.1%, p 0.001) and the optional LDL-C goal of 70 mg/dL (79.6% vs 35.0%, p 0.001). Both treatments were generally well tolerated. These findings further support the significant incremental benefits of ezetimibe on multiple lipid parameters and LDL-C goal attainment when combined with statins and demonstrate that substantial improvements in the atherogenic lipid profile can be attained with ezetimibe-statin combination therapy.
Ezetimibe and Ezetimibe/Simvastatin in Combination with Fenofibrate
The effects of combining ezetimibe with fenofibrate on atherogenic lipid profile have also been evaluated 42, 43) . In a multicenter, double-blind, randomized trial, 625 patients with mixed hyperlipidemia (LDL-C 130-220 mg/dL, TG 150-500 mg/dL), were randomized in a 3:3:3:1 ratio to one of 4 treatments for 12 weeks: ezetimibe 10 mg, fenofibrate 160 mg, fenofibrate 160 mg plus ezetimibe 10 mg, and placebo 42) . After completing the 12-week study, 576 patients continued into a double-blind, 48-week extension phase comparing fenofibrate (n 236) to fenofibrate plus ezetimibe (n 340) 43) Patients in the fenofibrate plus ezetimibe and fenofibrate groups continued on their respective previous treatment, and patients in the ezetimibe and placebo groups were switched to fenofibrate plus ezetimibe and fenofibrate, respectively. The fenofibrate plus ezetimibe produced significantly greater reductions in LDL-C compared with fenofibrate ( 22% vs 9%, respectively; p 0.001). There were also significantly greater improvements in non-HDL-C ( 32% vs 19%), apo B ( 25% vs 16%) triglycerides ( 46% vs 42%), HDL-C ( 21% vs 18%), with fenofibrate plus ezetimibe compared with fenofibrate. Changes in apolipoprotein A-and hsCRP were comparable between groups. The combination of fenofibrate plus ezetimibe was well tolerated during the extension study, with similar rates of consecutive ALT/AST elevations 3 X ULN between the fenofibrate plus ezetimibe (1.2%) and fenofibrate (1.7%) groups. No cases of creatine phosphokinase elevations 10 times ULN or myopathy were observed in either group. Long-term, 48week co-administration of fenofibrate plus ezetimibe was well tolerated and more efficacious than fenofibrate in patients with mixed hyperlipidemia. These findings demonstrate that the combination of ezetimibe plus fenofibrate improves several atherogenic lipid parameters in patients with mixed hyperlipidemia.
These results are further complemented by the results of combining ezetimibe/simvastatin with fenofibrate. In a multicenter, randomized, double-blind, placebo-controlled trial 44) , eligible patients (n 611) with mixed hyperlipidemia (LDL-C 130-220 mg/dL, TG 150-500 mg/L) were randomized in a 3:3:3:1 ratio to one of 4 treatment arms for 12 weeks: ezetimibe/simvastatin 10/20 mg plus fenofibrate 160 mg, ezetimibe/simvastatin 10/20 mg, fenofibrate 160 mg, or placebo. Ezetimibe/simvastatin plus fenofibrate provided significantly (p 0.05) greater reductions in LDL-C ( 45.8%) vs fenofibrate ( 15.7%) or placebo ( 3.5%), but not vs ezetimibe/simvastatin ( 47.1%). HDL-C and apolipoprotein A-levels were significantly increased with ezetimibe/simvastatin plus fenofibrate (18.7% and 11.1%, respectively) vs ezetimibe/simvastatin (9.3% and 6.6%) or placebo (1.1% and 1.6%), but not vs fenofibrate (18.2% and 10.8%). However, reductions in triglyceride, non-HDL-C, and apo B levels were significantly greater with ezetimibe/simvastatin plus fenofibrate versus all other treatments. Ezetimibe/simvastatin plus fenofibrate had a safety profile similar to ezetimibe/simvastatin and fenofibrate. These findings demonstrate that the combination of ezetimibe/simvastatin plus fenofibrate improves several atherogenic lipid parameters in patients with mixed hyperlipidemia.
Ongoing Surrogate and Clinical Outcome Trials with Ezetimibe/Simvastatin
Four large randomized, double-blind, clinical trials have been initiated to evaluate the impact on clinical outcome of greater reduction of LDL-C with ezetimibe/simvastatin. Overall, greater than 22,000 patients will be randomized in these trials. The 2-year Ezetimibe and Simvastatin in Hypercholesterolemia Enhances Atherosclerosis Regression (ENHANCE) study 45) , to be conducted mostly in Europe, will evaluate the effects of combined ezetimibe and simvastatin 80 mg vs simvastatin 80 mg alone in reversing atherosclerotic thickening in the carotid artery wall in 720 patients with heterozygous FH. The primary end point is mean change from baseline to 2 years in carotid in-tima-media thickness (IMT), using composite measures from the right and left far wall common carotid artery, carotid bulb, and internal carotid artery. The Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) study 46) is the largest randomized trial to date in patients with asymptomatic, degenerative aortic stenosis. This 4-year study in 1,800 patients will evaluate the mortality and morbidity reduction with ezetimibe/simvastatin 10/40 mg vs placebo. Serial transthoracic doppler-echocardiography is also being performed to assess aortic valve hemodynamics. The Study of Heart and Renal Protection (SHARP) will evaluate the effect of ezetimibe/simvastatin 10/20 mg vs placebo on major vascular events in approximately 9,500 patients with chronic kidney disease (CKD). This large-scale trial will assess the effects of LDL-C reduction on the risk of major vascular events (cardiac death, myocardial infarction, stroke, or revascularization procedure) and also on the rate of loss of renal function in patients with various degrees of renal impairment, including end-stage renal disease. The study will follow patients for at least 4 years. The Improved Reduction of Outcomes: VYTORIN Efficacy International Trial (IMPROVE-IT) study will evaluate the benefit of ezetimibe/simvastatin 10/40 vs simvastatin 40 mg in over 10,000 patients with acute coronary syndromes. The primary endpoint is the composite of cardiovascular death, myocardial infarction, stroke, hospital admission for ACS and revascularization 30 days. Followup is a minimum of 2.5 years. Importantly, not only will this trial assess the incremental effects of ezetimibe on cardiovascular morbidity and mortality, but the median LDL-C achieved will test the "even lower is better" hypothesis. The median LDL-C on ezetimibe/ simvastatin is expected to be 52 mg/dL compared to 68 mg/dL for the simvastatin alone arm.
Clinical Summary
Ezetimibe has been shown to significantly reduce LDL-C and improve other lipid parameters as monotherapy or when added to other lipid lowering therapies. Ezetimibe provided incremental LDL-C reductions when added to statin therapy, regardless of the statin or dose. Statin/ezetimibe therapy also provides greater reductions in non-HDL-C, apolipoprotein B, and CRP vs statin therapy alone. Ezetimibe also demonstrates significant improvements in the overall atherogenic lipid profile when added to fenofibrate, in both the absence and presence of concurrent statin therapy. Large randomized trials evaluating the effects of ezetimibe/statin therapy vs statin therapy alone on surrogate and clinical endpoints in different popula-tions at risk for CHD will determine if the beneficial effects of ezetimibe on LDL-C and other lipid parameters will translate into superior clinical outcomes.
